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This report covers the period from 2 November 1952 to 1 January 1953.

GEWSN ?MDDU 309!-M.3 - CONTRACT NO. 231d 00)

A a~big

&catination of data obtained during the flight test of the airplane with

AirResearch Turbine as an iroctor up for the BIZ system revealed an error

in the computation of CQB and CQ,. This ecplaina the poor performance of the

Cessna installation as compared with German and French tests (which was pre-

viously attributed to low efficiency of the pumping system) and throwe a dif-

ferent light on the performance of the AirResearch Turbine. Results of this

study will be presented in the Report #1309-8: mEvaluaton of Performance

0 and Efficiency of the AirResearch Gas Turbine as an Injector Plup for the

BIZC System".

Meanwhile the corrected curves of CQ ve CL and true air speed ae at-

tached to this report and will be distributed to be inserted as page 16 of

the report 1309-3.

Pumping performance of the axial fan system in flight has been evaluated

and flow coefficients, horsepover input and output, and duct efficiency de-

terained. Results and conclusions not already reported are as follows

1. As airplane speed increases flow quantity is reduced, and CQ falls

off mre rapidly than normally would be expected. This is caused by

inability of the fane, presently installed, to operate at the sam

output, but Against Ereatr pressure losses. heseb loueu locrease

with speed because the air entering the suction slot iast be accele-

rated from rest to the velocity of the airplane.
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2. Flow quantities also show an abrupt drop in the region of fan sLrge

(blade stall). This cccurs in both forward and aft ducts, but at

lower Indicated airs!,eoda in tVe fcrward duct. Losses in the forward

duct were greater initially (static conditions) which acoounts for

the earlier surge i.. that duct. The effect of fan surge is to re-

duce BLC aystc outj.pt, Lut requires approximately Uie same power )
input.

3. Airplane )ower rtduces the CQ required to maintain a constant CL

(r!ue to slip stream uffect). Thie indicates the due to

power is Lreater with BLC than without. Further recults and con-

clusmions pertaining to the BLU performance w.th axial fan systo.

_ill be preventW in report #239-7: "Analysis of boua,!ary Layer

Control Pumping Performance with P'lectrica.ly Driven Fans".

Flight Tests

Tests to determine the roason for change in static longitudinal stab-

ility caused by the BI.C sytlem in action have tcen completed. In order to

measure downwash angle and lynanic pressurc at the tail, Kollsman angle of

attack indicator was installed on the leading edge of the stabilizr. The

results will be presented in report #1309-6s "Static Longitudinal Stability )
of the Model 309A with Axial Fans aa BLC Pzmpi" Syster.".

Ground Tests

curren ei-ccf.-r to :. obt;f ai can-acd battrlus re tesuto at 366 amp.

current d'i5icrar~E to obtain voltage 1m~p ve time. Results of tetSt s .vv
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promise for jcitrt rvi. ce of 30 seco:ni. at I minute int-rvals. (66oe

erart) 71 ntaLfiu- il-11 c'rji-t of t it fou-r I-) volt &a-rc;raft

batterit!; of 5C-)C zLi;pore tiour ratiritg we14,ning approximately 230-310 lbs.)

ReadinE Lattries 11oapr agreed to teait several combinations of batteries

at 36G -'.3charjte rattu. Meanwhile ti ii send .is four T-38 aixrarft

battari~i to r- .:itailad on the airp]Lane --o. fiij;-ht testin,6.

A cor~sderable scattaring of pointsi was obsurved in th( .rccess of

moqa-uxiiV 1.,xitity flowI of l* -i:1 the ,'Ctirv Z73 ten.. It wan Junpected that

trdiEs !,u2 ,f, t. ) tx' iltncc w.iuwa sin Irregul1ar rroading

of the vener,.uetur. L~. ,r-ler t-, vcrify t..sa simpla be.,c:j t.e3t waL; perfurmad

tko stud, th-. o~ffvct --,f fly, %.~a ity on 't11 rea&.:.6 $ o~f tota]. ~j

Vabes. Air fur trm te-t, w . lown *.:.rc'.,&! a two .inch stral.jht1 :Iozzllo at a

co~istar.t ra:te. 71h total prtsJuro tubes were mounted one at a tin-e six
inc~~~~~ie~~~ Wr~terz~ adrt.t about tkhe noae as 3a:.owen on tntj a' otch of

Fi -ur e I.. Thu rc-xilts indicate thiat ruzne. *tub.4,-g with rouwded nc~e is least

J4''ZCt4>;tAUe t4, arivular flow.

Desitri a" fraftinE

A lravit- of thie inistatlaticn 'f 1..e hy-iri'eou peroxide i'n4#"tiun puMip

In twi 309C is now In progress. It will inchle the arupply tatnk!;, tu in-

jector ;np, f£Lrtaalls ars! firc ccnrtz-,l systc.w.

ITYe follovir.,L, dr-rv4's wcv'e re1tanud:

i~c~-~5- Wider L- ngee Qyatsa

- ~ .. gra - Attrary ortate Fan Lyate.

4 Operated Fan 5yet~

CAkli*v Ti
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In order to establish a specification for the design of the fan and

the pumping system a study was initiated to determine the effect of wing

loading, coefficient of ground friction and Ca upon take-off distance.

The results will determine a G for the optimum take-off characteristics.

Than, knowing duct losses and required values of C, a curve of Ap across the

fan vs quautity flow will be established. This, along with limiting physical

dimensions and operating conditions, will govern the design of a pumping unit.

Preliminary analysis of take-off distance over 50 ft. obstacle indicated

the following,

5 1. Substantial reduction of take-off distance at the same w!in loading

occurs vitn Increased C (due to BLC). The largest performance

gain exists for take-off on a very soft turf (or sand) with smaller

gains on a hard virface runway.

2. Proportionaly larger gains can be expected with increased wing loading

at the sAe C (neglecting the weight of BLC system). If the air-

plane weight is increased, to take account of BN apparatus, maller

gains would exist. A reasonable estimation of weight chargable to

BW awaits the results of a current survey of auxiliary power units

as well as studies of electrical, bqdraulic, and other systems.

3. Reduction of take-off distance for values of CL.. greater than 4.0

was found to be mall, partiiularly for low wing loading and hard

surf aced runways.
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4. Power ctrac ted from the engir.e to operate a BL ssten reduced per-

forAsics gain. An optimm Cl.. (for take-off distance) of approi-

mately h.O wa found for all runway co,itions and winc loadinis in

the ramne of 20 to 25. For wir,6 loadings cf 15 to 20 the optimum

value wias45

5. If an amount of power euivaleit to that ro ircd by BLC is added,

Instoad of subtractd, tike-oft' i*rfrmance stll riuains jnferor

to that with NZ up to win loadings ot 20. Tis is true for 44"a.

(due to 210) up to 4.5 Deyor! w Lch power reqLrd for BLC becomes

:, ito large.

These conclusions are subject to verification by wir tunnel tests of

the 0.6-scale model. Further results and conclusions will be presented at

a later date.

Mock-Up :,£ Suction Dct

Mwtcrl 319 sliction duct beuc'i V.5ts performed rtcently by the University

of Wichita Ir~icate that total pressurt losses in the "vortex" type suction

duct are very high - exceedlnj those (f the ducts now installed in the Model

309A. In view of this the University has undertaken at their own expense,

the design, cot.struction (modification of pregent mock-up), and testing of

another configuration which offers possibility of ianpovement.

Dele and Drafting

Since the Model 319 is expected to be flight tested over a range of

wing loadings from 15 to 25 lb/sq.ft., it was necessary to increase the

cDXnDDLM'UL
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~trzt. ~:t * a~iaicin jpvtrUL critical points. Design wrk a the

Strtuct,.al details of tjju wine arm conflMd to argsa forvad of thie front

sP&Z Tl . u t,; thne fact tiit tV.e 2.nr&. duct dei~ iASg nut & een aon-)

firtcd '.o.c axw.n tU .:Ol tsjt3 (3e,. SeCtcx'. 0.1 3...Otjon duct moCk-up

te -.ts)

Th~~~1~ii ~ have bee:; rcimwo:)

-7i ',ji:(i %,; i.ficat.ion
-9 Bulikhead Contour Sta. 2114-375 (loft)

-13- Maia L:.anL!.,- &eur tnatataion

coxn~rinu
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